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Abstract

Purpose: To assess the relationship between best-corrected visual acuity (BCVA) and anatomic
features in patients with macular edema (ME) related to retinal vein occlusion (RVO).

Design: Post hoc analysis of 3 clinical trials, which included verified diagnoses, protocol
refractions, and the assessment of OCT and fluorescein angiography (FA) images at a masked
reading center.

Participants: Patients diagnosed with RVO-ME.

Methods: Correlation analyses were performed to determine the correlation between BCVA and
macular anatomy at baseline and at 12 and 24 weeks and between changes from baseline to 12 and
24 weeks.
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HUMAN SUBJECTS: Human subjects are included in this study. This post hoc study involved analysis of already-collected
deidentified information from clinical trial protocols that were approved by an institutional review board or independent ethics
committee at each study site.

These studies were performed in compliance with the provisions of the Declaration of Helsinki, International Conference on
Harmonization Good Clinical Practice guidelines, and the applicable local regulations.

Written informed consent was obtained from each patient before enrollment into the study using IRB-approved informed consent
forms.

No animal subjects were used in this study.
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Main Outcome Measures: The correlations between BCVA and central subfield thickness
(CST), ellipsoid zone (EZ) integrity, intraretinal fluid (IRF), subretinal fluid, central leakage, and
ischemia were assessed.

Results: In a total of 828 eyes with RVO-ME, the mean age, BCVA, and CST at baseline was
64.7 years, 51.1 letters, and 656.9 ym, respectively. At baseline, a moderate negative correlation
was observed between BCVA and CST (r=-0.56, P<0.001). At weeks 12 and 24, the mean
BCVA of eyes with definitely abnormal (absent) EZ was statistically significantly worse than

that of eyes with normal EZ. At week 12, a moderate negative correlation was observed between
changes in BCVA and changes in CST (r= - 0.35, P<0.001), with a similar degree of association
noted at week 24 (r=-0.35, P<0.001). At weeks 12 and 24, eyes that showed any improvement
in central IRF showed a greater improvement in BCVA than eyes that showed no improvement
(week 12: 463 eyes, 18.3 letters vs. 177 eyes, 13.0 letters, respectively, P< 0.001) and (week

24: 332 eyes, 20.2 letters vs. 131 eyes, 13.3 letters, respectively, P< 0.001). With respect to the
correlation between baseline BCVA and fluorescein leakage or capillary nonperfusion, the Pearson
correlation coefficients were — 0.41 (P<0.001) and — 0.16 (P= 0.060), respectively.

Conclusions: In addition to CST, there are important clinically relevant relationships between

BCVA and both OCT and FA anatomic features in patients with RVO-ME.

Keywords

Central subfield thickness; Macular edema; Retinal vein occlusion; Visual acuity

In clinical practice, physicians often base treatment decisions on both best-corrected

visual acuity (BCVA) and OCT assessments. Furthermore, findings such as central

subfield thickness (CST) often represent an important secondary anatomic end point

and a retreatment criterion in clinical trials for macular edema (ME) despite limited
correlation between BCVA and CST.!8 Although there have been several large studies
examining the relationship between BCVA and CST in patients with ME due to retinal vein
occlusion (RVO),3-7 there is limited literature on the comprehensive assessment of OCT and
angiographic biomarkers in large patient populations.

The current study further assesses the relationship between BCVA and OCT and
angiographic variables in patients with RVO-ME based on datasets from 1 phase II and

2 phase III clinical trials using monitor-verified diagnoses per eligibility criteria, protocol
refractions, study-certified imagers, and spectral-domain OCT (SD-OCT) evaluation at

a centralized masked reading center. These clinical trials assessed CLS-TA (Clearside
Biomedical), an investigational formulation of the corticosteroid triamcinolone acetonide,
for suprachoroidal (SC) injection. This report focuses on BCVA and anatomic correlations
before administration of masked treatment and correlations between changes in BCVA and
changes in anatomy, regardless of causality. Specifically, the relationships between BCVA
and CST, the presence and location of intraretinal fluid (IRF) and subretinal fluid (SRF),
the integrity of the ellipsoid zone (EZ; also known as the photoreceptor inner segment/
outer segment junction), and angiographic leakage and ischemia were assessed. Correlation
analyses were performed to describe the relationships at baseline and between changes from
baseline to weeks 12 and 24.

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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This post hoc analysis was performed on datasets from 3 randomized controlled clinical
trials, which assessed CLS-TA, wherein 4 mg (0.1 mL of 40 mg/mL) was administered
suprachoroidally in conjunction with intravitreal (IVT) VEGF inhibitors in patients
diagnosed with RVO-ME. This post hoc study involved an analysis of already-collected,
deidentified information from clinical trial protocols that were approved by the institutional
review board or an independent ethics committee at each study site, and these studies were
performed in compliance with the provisions of the Declaration of Helsinki, International
Conference on Harmonization Good Clinical Practice guidelines, and the applicable local
regulations. Written informed consent was obtained from each patient before enrollment into
the study using institutional review board-approved informed consent forms.

The study designs are summarized below. The key eligibility features are summarized in
Table 1. Throughout this article, the term “patient” has been used instead of “eye” because
dosing was performed unilaterally, i.e., in the study eye, in all the studies. !

1. SAPPHIRE (“A Randomized, Masked, Controlled Trial to Study the Safety and
Efficacy of Suprachoroidal CLS-TA in Conjunction with Intravitreal Aflibercept
in Subjects with Retinal Vein Occlusion”; ClinicalTrials.gov identifier,
NCT02980874) was a phase III randomized, masked, active-controlled, parallel-
group, multicenter study in treatment-naive patients with ME secondary to RVO,
a CST of > 300 um, and a BCVA score between 20 and 70 letters, inclusively,
in the study eye. The study was designed to compare the efficacy and safety of
suprachoroidally injected CLS-TA (4 mg/100 mL, standard dose across trials),
which was administered in conjunction with IVT aflibercept (2 mg/50 mL; active
group), versus that in a control group, in which IVT aflibercept was administered
in conjunction with a sham SC procedure (involving pressing the hub of a
needleless syringe against the globe of the eye to simulate the injection of the
study medication) over 48 weeks of follow-up. Four hundred sixty patients were
enrolled and randomly assigned in a ratio of 1:1 to 1 of 2 treatment groups
stratified by disease (branch retinal vein occlusion [BRVO] or central retinal vein
occlusion [CRVO]). Two hundred thirty-one patients were assigned to the active
arm, and 229 patients were assigned to the control arm. The safety and efficacy
outcomes, including BCVA and OCT, were assessed at baseline, monthly for
24 weeks, and then every 6 weeks until the end of the study at week 48.
Fluorescein angiography (FA) was performed at baseline and at weeks 24 and
48. The patients in the active arm received IVT aflibercept and SC CLS-TA
on day 0 (baseline) and at weeks 12 and 24; IVT aflibercept monotherapy at
week 4; and sham IVT aflibercept at weeks 8, 16, and 20. The patients in the
control arm received IVT aflibercept and sham SC administration on day O and
at weeks 12 and 24 and IVT aflibercept monotherapy at weeks 4, 8, 16, and
20. All patients were eligible for rescue at other visits, as determined based on
predefined criteria.

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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This superiority trial was considered to have failed because the active arm was not
statistically different from the control arm (i.e., neither statistically worse nor better) at

8 weeks (primary efficacy end point) and was terminated. However, 255 patients (55.4%)
completed the study before termination.

2. TOPAZ (“A Randomized, Masked, Controlled Trial to Study the Safety and
Efficacy of Suprachoroidal CLS-TA with an Intravitreal Anti-VEGF in Subjects
with Retinal Vein Occlusion”; ClinicalTrials.gov identifier, NCT03203447),
initiated 9 months after SAPPHIRE, was identical in design and had the same
goals as SAPPHIRE, except for the anti-VEGF agent used (randomized to either
bevacizumab [1.25 mg/50 mL intravitreally] or ranibizumab [0.5 mg/50 mL
intravitreally] instead of aflibercept). Four hundred sixty patients were to be
enrolled and assigned randomly in a ratio of 1:1:1:1 to 1 of 4 treatment groups
stratified by disease (BRVO or CRVO). However, because of the failure of
SAPPHIRE to meet its primary efficacy end point, TOPAZ was terminated after
randomizing 325 patients (active arm, 162 patients; control arm, 163 patients)
and before any patient completed the study.

3. TANZANITE (“Safety and Efficacy of Suprachoroidal CLS-TA in Combination
with Intravitreal Aflibercept in Subjects with Macular Edema Following Retinal
Vein Occlusion”; ClinicalTrials.gov identifier, NCT02303184) was a phase
II, multicenter, randomized, active-controlled, masked, parallel-arm study of
treatment-naive patients with ME secondary to RVO that evaluated the effect
of a single dose of CLS-TA administered suprachoroidally in conjunction with
IVT aflibercept compared with that of IVT aflibercept plus a sham SC procedure
over 12 weeks of follow-up. The safety and efficacy outcomes were assessed
at baseline and then monthly for 12 weeks. The study enrolled 46 patients
with RVO randomized in a ratio of 1:1 to each of the 2 arms. All 46 patients
completed the study and were included in all the analyses. The study details are
further summarized in Table 1 and the study by Campochiaro et al.?

The CST and the presence and location of IRF and SREF, relative to the central subfield, were
assessed using SD-OCT. The central subfield is a circular area of 1-mm diameter centered
around the center point. For each scan, the standard 9-field ETDRS grid was centered at

the fovea by viewing all B-scans to locate foveal landmarks, which included the point at
which the inner retinal layers were the thinnest, and the foveal depression or hyper-reflective
dot that corresponded to reflected light at the foveal center. These landmarks are helpful in
locating the center point, particularly in the presence of ME. No instrument-specific upper
limits for CST, IRF, or SRF were used for study enrollment because the eligibility criteria
across the clinical trials did not include an upper limit. The IRF and SRF were graded

as absent, questionable, definitely outside the central subfield, definite central subfield
involvement, and ungradable.

The SD-OCT instrument and technician were certified before screening any patients. The
research sites were encouraged to use the same technician and equipment throughout the

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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patient’s participation in the study. Deidentified images were uploaded to Merit (formerly
Eyekor) CRO grading platform for image and data management. Images were graded by
trained and qualified evaluators at the Wisconsin Reading Center.

Across all 3 studies, OCT images were taken at baseline and at every visit thereafter for the
entire duration of the study.

Fluorescein angiography was used to assess fluorescein leakage and capillary nonperfusion

within the ETDRS grid. Fluorescein leakage is related to a pathophysiology that leads to ME
and is a complementary end point of CST for analysis. The area of capillary nonperfusion is
related to visual prognosis in patients with RVO and is useful for the analysis of risk factors.

The FA equipment and photographers were certified before screening any study patients.

As with SD-OCT, the sites were encouraged to use the same technician and equipment
throughout the patient’ s participation in the study. Deidentified images were uploaded to
the Merit (formerly Eyekor) CRO grading platform for image and data management. Images
were graded by trained and qualified evaluators at the Wisconsin Reading Center.

In TANZANITE, FA was performed at baseline and every 4 weeks for 12 weeks. In the 2
phase III trials, FA examinations were performed at baseline and at weeks 24 and 48.

Prospective grading of EZ integrity was not planned for the 3 clinical trials. The integrity
of EZ in a randomly selected subset of patients from SAPPHIRE was graded post hoc

by trained and qualified evaluators from Wisconsin Reading Center based on deidentified
images obtained from Merit (formerly Eyekor) CRO. Approximately 75 patients per
treatment arm were randomly selected based on the availability of complete data, i.e.,
nonmissing BCVA and CST data at baseline and at weeks 12 and 24. A total of 150

eyes were chosen for the analysis because this value represented > 50% of completers and
because similar sample sizes were sufficient for similar EZ analyses in previously published
studies.*10 The integrity of the central EZ was graded as normal, questionably abnormal,
definitely abnormal (patchy), definitely abnormal (absent), and ungradable.

BCVA Assessment

The BCVA was evaluated with the ETDRS visual acuity chart using standardized lighting
and standardized lanes. The results were reported as the total number of letters read after
protocol refraction. Visual acuity testing preceded any examination requiring contact with
the eye. To provide standardization and well-controlled assessments of BCVA during the
study, all BCVA assessments were performed by trained staff who were masked to treatment
and were certified on the study procedure using certified visual acuity equipment or lanes.

Across all 3 studies, the assessment of BCVA was performed at baseline and at every visit
thereafter for the entire duration of the study.

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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Correlation Analyses

CST

This post hoc analysis was performed using data from 3 randomized controlled clinical
trials: SAPPHIRE, TOPAZ, and TANZANITE. All patients in these studies received =

1 treatments with SC CLS-TA, which was administered in conjunction with an IVT
anti-VEGF agent or an IVT anti-VEGF agent plus a sham SC procedure using a syringe
with a needleless hub. Because the purpose of this analysis was to assess the correlations
between BCVA and both OCT and FA anatomic features and not to assess the effectiveness
of treatment, data from all patients were included, regardless of treatment assignment or
compliance or the administration of rescue therapy.

Pooled data from all 3 studies were analyzed. Correlation analyses were performed on
baseline data collected before dose administration and separately on changes from baseline
to weeks 12 and 24. Only patients with complete data, i.e., BCVA and OCT or FA anatomic
features assessed on the same date, were included in the analysis. Additionally, patients with
missing baseline BCVA or CST were excluded from the analysis.

As previously noted, EZ integrity and the presence and location of IRF and SRF were
each graded into 4 levels of severity, in addition to those that were ungradable. Values that
were ungradable were excluded from these analyses, and values for missing data were not
imputed.

To investigate the impact of RVO subtype on the relationships between BCVA and other
OCT biomarkers, separate analyses were performed on patients diagnosed with BRVO and
patients diagnosed with CRVO.

Unless otherwise stated, reported Pvalues were not adjusted for multiplicity, and statistical
significance was reported using a false-positive rate of 0.050. All tests were conducted using
2-sided alternatives. Statistical analyses were conducted using SAS 9.4 (SAS Institute Inc).

To measure the linear relationships between baseline BCVA and CST, between change in
BCVA from baseline and baseline CST, and between change from baseline in BCVA and
CST, the Pearson correlation coefficients, 95% confidence intervals (CIs) using Fisher z
transformation, and P values based on the 2-sided test for zero linear correlation were
calculated. To describe the relationship between baseline BCVA and CST, a multiple linear
regression model was used with BCVA as the dependent variable and CST and age as
independent variables. To describe the relationship between change in BCVA from baseline
to weeks 12 and 24 and baseline CST, a multiple linear regression model was used with
change in BCVA from baseline as the dependent variable and baseline CST, baseline BCVA,
and age as independent variables. To describe the relationship between changes in BCVA
and CST from baseline, a multiple linear regression model was used with change in BCVA
from baseline as the dependent variable and change in CST from baseline, baseline BCVA,
baseline CST, and age as independent variables. To assess the fitness of these multiple
linear regression models, simple linear regression models containing CST as the independent
variable were used.

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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Using the pooled data, the relationships between baseline BCVA and baseline IRF and SRF
were assessed using an analysis of covariance model with baseline OCT anatomy as the
independent variable and baseline CST and age as covariates. The mean BCVA values were
compared across the anatomic grades. To assess the fitness of this model, the analysis of
variance was performed without the covariates. The Tukey—Kramer multiple-comparison
procedure was used to account for multiplicity issues related to multiple testing within each
anatomic feature.

To assess the relationships between baseline IRF and SRF and changes in BCVA at 12 and
24 weeks, an analysis of covariance model was used with change in BCVA from baseline

as the dependent variable and baseline anatomy (categorized as either “center not involved”
or “center involved”) as the independent variable, with baseline BCVA, baseline CST, and
age as covariates. To assess the fitness of this model, the analysis of variance was performed
without the covariates.

The relationship between change in BCVA from baseline and change in the anatomic status
at weeks 12 and 24 was assessed using an analysis of covariance model with anatomic
status (categorized as either “any improvement” or “no improvement or worsening”) as the
independent variable and age, baseline BCVA, and baseline CST as covariates. The fitness
of these models was compared with that of analogous analysis of variance models without
the addition of covariates.

Capillary Nonperfusion and Fluorescein Leakage

To measure the linear relationships between baseline BCVA and FA anatomy (fluorescein
leakage and capillary nonperfusion), between change in BCVA from baseline and baseline
FA anatomy, and between change in BCVA from baseline and FA anatomy, the Pearson
correlation coefficients, 95% Cls using Fisher z transformation, and P values based on

the 2-sided test for zero linear correlation were calculated. To describe the relationship
between baseline BCVA and FA anatomy, a multiple linear regression model was used with
BCVA as the dependent variable and FA anatomy, baseline CST, and age as independent
variables. To describe the relationship between change in BCVA from baseline to week

24 and baseline FA anatomy, a multiple linear regression model was used with change in
BCVA from baseline as the dependent variable and baseline FA anatomy, baseline BCVA,
baseline CST, and age as independent variables. To describe the relationship between change
in BCVA from baseline to week 24 and FA anatomy, a multiple linear regression model

was used with change in BCVA from baseline as the dependent variable and change in FA
anatomy from baseline, baseline BCVA, baseline CST, and age as independent variables. To
assess the fitness of these multiple linear regression models, simple linear regression models
containing FA anatomy as the independent variable were used.

The analysis of the integrity of EZ in the random sample of patients in SAPPHIRE was
initially planned to mirror those planned for IRF and SRF, but nearly all patients in the
sample had a baseline EZ grade of being ungradable because of the presence of significant

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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SRF or large cysts, rendering baseline EZ unevaluable. Consequently, the relationship
between BCVA and EZ integrity at weeks 12 and 24 were assessed separately using an
analysis of covariance model with BCVA as the dependent variable and EZ integrity as the
independent variable, with baseline CST and age as covariates. The Tukey—Kramer multiple-
comparison procedure was used to account for multiplicity issues related to multiple testing.

The data on demographic and baseline characteristics are summarized in Table 2. A total
of 828 eyes from 828 patients contributed BCVA and anatomy data to this analysis, with

all eyes diagnosed with RVO-ME. The demographic, baseline, and disease characteristics
were well balanced between the 3 studies. The mean age, BCVA, and CST at baseline for
the entire population was 64.7 years, 51.1 letters, and 656.9 um, respectively. Nearly half of
the patients (45.5%) were women, and most patients (80.8%) still retained their natural lens
in the study eye at study entry. The patients were diagnosed with BRVO (54.7%), CRVO
(45.2%), or hemiretinal vein occlusion (0.1%) at an overall average duration of 33.0 days.
Overall, there were no meaningful differences in the relationships between OCT anatomic
biomarkers and BCVA, based on the type of RVO. Consequently, presented herein are
analyses of eyes, irrespective of the type of RVO (Table 3,4, 5, 6 and 7), except for the
analysis of correlation between BCVA and CST (Table 3), given its largest sample size.

Association between BCVA and OCT or FA Anatomic Features at Baseline

The analysis of baseline BCVA and OCT data included 828 eyes with gradable images for
CST. A moderate negative correlation was observed between BCVA and CST (r=-0.56, P
< 0.001). The slope of the linear regression line reflected an average increase of 3.28 letters
in BCVA (95% CI,2.96-3.61 letters) for every 100-ym reduction in CST, as shown in Table
3. At baseline, CST accounted for 31.66% of the total variation in BCVA. When age was
included in the multiple regression model, this value increased to 33.21%, as shown in Table
8.

The analysis of the association between baseline BCVA and IRF included data from 812
eyes with gradable OCT images. Of these, most eyes (96%) had definite centrally involved
IRF. The mean BCVA at baseline ranged from a high value in eyes with questionable IRF
(55.0 letters) to a low value in eyes without IRF (42.2 letters). None of the differences

in the mean BCVA between the 4 grades were statistically significant, as seen in Table 4.
Intraretinal fluid accounted for 0.60% of the variation observed in BCVA at baseline. This
value rose to 33.62% when baseline CST and age were added as covariates to the model, as
shown in Table 8.

Most of the eyes (60%) with OCT images gradable by the reading center (n = 744) showed
definite centrally involved SRF at baseline. The mean BCVA at baseline ranged from a high
value of 54.9 letters in eyes with definite centrally involved SRF to a low value of 41.1
letters in eyes with definite SRF located outside of the central subfield. The differences in
mean BCVA between eyes with definite centrally involved SRF and eyes with lesser degrees
of SRF were statistically significant (P< 0.001) after adjusting for multiple comparisons,

as seen in Table 5. Subretinal fluid accounted for 3.00% of the total variation in baseline

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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BCVA. When baseline CST and age were included as covariates in the model, it rose to
31.32%, as shown in Table 8.

At baseline, a total of 578 eyes had FA images that were gradable for fluorescein leakage

by the reading center. A moderate negative correlation was observed between BCVA and the
area of fluorescein leakage within the ETDRS grid (r=—-0.41, P<0.001). The slope of

the regression line reflected an average increase of 1.98 letters in BCVA (95% CI, 0.93-3.03
letters) for every 10-mm? reduction in the area of fluorescein leakage, as shown in Table 6.
At baseline, the area of fluorescein leakage accounted for 16.76% of the total variation in
BCVA. When baseline CST and age were included in the multiple linear regression model,
this value rose to 34.53%, as shown in Table 8.

The analysis of the correlation between BCVA and the area of capillary nonperfusion within
the ETDRS grid at baseline included 135 eyes with gradable FA images. A small and
statistically insignificant negative correlation was observed (r=—0.16, P=0.060). The
slope of the linear regression line reflected an average increase of 2.87 letters in baseline
BCVA (95% CI, — 1.48 to 7.22 letters) for every 10-mm? reduction in the area of capillary
nonperfusion, as shown in Table 6. The area of capillary nonperfusion accounted for 2.64%
of the variation in BCVA at baseline; this value rose to 39.31% when baseline CST and age
were added as covariates to the multiple regression model, as shown in Table 8.

When stratified by RVO subtype, the analysis of baseline BCVA and CST showed a
moderate negative correlation in both patients with BRVO (n = 453 eyes; r=-042, P
<0.001) and those with CRVO (n — 374 eyes; r=—0.59, P<0.001). The slope of the linear
regression lines reflected an average increase of 2.75 letters in BCVA (95% CI, 2.21-3.29
letters) for every 100-um reduction in CST in eyes with BRVO and an average increase of
3.56 letters in BCVA (95% CI, 3.08—4.03 letters) for every 100-pm reduction in CST in eyes
with CRVO, as shown in Table 3.

Figure 1 shows the relationships between these anatomic outcomes and BCVA at baseline.

Association between Changes in BCVA at 12 and 24 Weeks and Baseline OCT or FA
Anatomic Features

The analysis of change in BCVA from baseline and baseline CST included data from 632
eyes at week 12 and 455 eyes at week 24 with gradable images for CST. A moderate positive
correlation was observed between BCVA change at week 12 and baseline CST (r=0.31,
P<0.001), with a similar degree of association noted between BCVA change at week 24
and baseline CST (r=0.25, P<0.001). The slope of the linear regression line reflected an
average decrease of 0.31 letters in BCVA (95% CI, - 0.73 to 0.11 letters) at week 12 for
every 100-um in baseline CST and an average increase of 0.20 letters in BCVA at week 24
(95% CI, - 0.36 to 0.76 letters) for every 100 ym in baseline CST, as shown in Table 3.

The analysis of change in BCVA from baseline and baseline IRF included data from 575
eyes at week 12 and 433 eyes at week 24. Eyes with centrally involved IRF at baseline did
not show significantly more improvement in BCVA than those without center involvement

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.
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at week 12 (17.1 vs. 15.5 letters, respectively; P=0.563) or week 24 (18.6 vs. 14 .4 letters,
respectively; P=0.188), as shown in Table 4.

The analysis of change in BCVA from baseline and baseline SRF included data from 527
eyes and 388 eyes at weeks 12 and 24, respectively. The mean improvement in BCVA in
eyes with centrally involved SRF at baseline was not significantly different from those eyes
without centrally involved SRF at baseline at week 12 (16.9 vs. 15.8 letters, respectively; P=
0.250) or week 24 (18.2 vs. 17.1 letters, respectively; P=0.421), as shown in Table 5.

The analysis of the correlation between change in BCVA from baseline and baseline area

of fluorescein leakage included 190 eyes at week 24, comprised entirely of patients from
SAPPHIRE and TOPAZ with gradable FA images. At week 24, a minor negative linear
correlation that was not statistically significant was observed between change in BCVA from
baseline and baseline area of fluorescein leakage (r=— 0.06; P— 0.384), as shown in Table
6.

The analysis of the correlation between change in BCVA from baseline and baseline
capillary nonperfusion included 39 eyes at week 24 that were gradable by the reading center.
There was no significant association between baseline capillary nonperfusion and change in
BCVA from baseline at week 24, but the analysis was limited by sample size, as shown in
Table 6.

The results of the analysis of the correlation between change in BCVA from baseline and
baseline CST, when evaluated by RVO subtype, were not dissimilar from the results for the
whole population, as shown in Table 3.

Figure 2 shows the relationships between these anatomic outcomes at baseline and change in
BCVA from baseline at week 24.

Association between Changes in BCVA and Changes in OCT or FA Anatomic Features at
12 and 24 Weeks

The analysis of change in BCVA from baseline and change in OCT from baseline data
included 632 eyes at week 12 and 455 eyes at week 24 with gradable images for CST.

At week 12, a moderate negative correlation was observed between changes in BCVA and
changes in CST (r=-0.35, P<0.001), with a similar degree of association noted at week
24 (r=-0.35, P<0.001). The slope of the linear regression line at week 12 reflected

an average increase of 2.45 letters in BCVA (95% CI, 1.56-3.35 letters) for every 100-um
reduction in CST and an average increase of 2.87 letters in BCVA at week 24 (95% CI,
1.89-3.84 letters), as shown in Table 3. At week 24, the change in CST from baseline
accounted for 12.25% of the total variation in BCVA. When baseline BCVA, CST, and age
were included in the multiple regression model, this value rose to 30.07%, as shown in Table
8.

At weeks 12 and 24, eyes that showed any improvement in central IRF showed greater
improvement in BCVA than eyes that showed no improvement or worsened (week 12: 463
eyes, 18.3 letters vs. 177 eyes, 13.0 letters, respectively, P< 0.001) and (week 24: 332 eyes,
20.2 letters vs. 131 eyes, 13.3 letters, respectively, P< 0.001), as shown in Table 4. The

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.



1duosnuey Joyiny 1duosnue|y Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

Ciulla et al.

Page 11

change in IRF from baseline accounted for 3.90% of the variation observed in the change in
BCVA from baseline at week 24. This value rose to 29.70% when baseline BCVA, CST, and
age were included as covariates in the analysis of variance model, as shown in Table 8.

With regard to SRF, there were no clinically meaningful or statistically significant
differences between eyes that showed any improvement and eyes that showed no
improvement or worsened at weeks 12 and 24, as shown in Table 5. The change in SRF
from baseline accounted for 0.03% of the variation observed in the change in BCVA from
baseline at week 24. This value rose to 25.34% when baseline BCVA, CST, and age were
added as covariates to the model, as shown in Table 8.

The analysis of the correlation between change in BCVA from baseline and the area of
fluorescein leakage included 190 eyes at week 24, comprised entirely of patients from
SAPPHIRE and TOPAZ with gradable FA images. At week 24, there was a minor negative
linear relationship that was not significant (r=— 0.07; P=0.323), as shown in Table 6. The
change in the area of fluorescein leakage from baseline at week 24 accounted for 0.50% of
the total variation in the change in BCVA from baseline at week 24. The addition of baseline
BCVA, CST, and age to the linear regression model resulted in this value rising to 27.82%,
as shown in Table 8.

At week 24, a total of 39 eyes had FA images that were gradable for the area of capillary
nonperfusion by the reading center. There was no significant association between capillary
nonperfusion and BCVA, but the analysis was limited by sample size, as shown in Table 6.
At week 24, the area of capillary nonperfusion accounted for 2.76% of the total variation in
the change in BCVA from baseline. When baseline BCVA, CST, and age were included in
the multiple linear regression model, this value rose to 46.60%, as shown in Table 8.

The results of the analysis of the correlation between change in BCVA from baseline and
CST, when evaluated by RVO subtype, were similar to the results shown for the whole
population, as shown in Table 3.

Figure 3 shows the relationships between changes in these anatomic outcomes from baseline
and change in BCVA from baseline at week 24.

Association between BCVA and EZ Integrity at Weeks 12 and 24

As noted earlier, nearly all patients had ungradable baseline EZ because of the presence

of significant SRF or large cysts, rendering baseline EZ unevaluable. Consequently, the
relationship between BCVA and EZ integrity was not assessed at baseline, and only assessed
at weeks 12 and 24.

The analysis of BCVA and EZ integrity included data from 145 eyes at week 12 and 142
eyes at week 24 with gradable images. At week 12, the mean BCVA ranged from a high
value of 74 .4 letters in eyes with normal EZ integrity and progressively decreased to a nadir
of 58.0 letters in eyes with definitely abnormal (absent) EZ. The differences in mean BCVA
between eyes with definitely abnormal (absent) EZ and each of the other 3 groups were
statistically significant (P< 0.005) after adjusting for multiple comparisons, as seen in Table
7. Similarly, at week 24, the mean BCVA ranged from a high value of 77.6 letters in eyes

Ophthalmol Retina. Author manuscript; available in PMC 2023 February 14.



1duosnuey Joyiny 1duosnue|y Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

Ciulla et al.

Page 12

with normal EZ integrity to a low value of 60.6 letters in eyes with definitely abnormal
(absent) EZ. The differences in mean BCVA between eyes with definitely abnormal (absent)
EZ and eyes with normal and definitely abnormal (patchy) EZ were statistically significant
(P=<0.001), as seen in Table 7.

The relationship between BCVA and EZ integrity at weeks 12 and 24 is shown in Figure 4.

Discussion

This study assessed the relationship between BCVA and OCT and angiographic features

in patients with RVO-ME. A few previous large studies have comprehensively examined
the correlations between BCVA and OCT or angiography-determined anatomic features in
patients with RVO-ME. One post hoc analysis assessed the relationship between BCVA and
CST in 387 patients from 6 prospective clinical trials (4 single-center and 2 multicenter
studies) of anti-VEGF treatment for neovascular age-related macular degeneration, diabetic
macular edema, and RVO.3 In patients with RVO-related ME, baseline BCVA was not
correlated with baseline CST, but the authors noted that these RVO studies had enrolled
ischemic cases, which highlights the inability of CST to reflect ischemia-related changes in
BCVA. However, the correlation between changes in BCVA and changes in CST did show a
moderate negative correlation in patients with diabetic macular edema (r= — 0.45) and RVO
(r=-10.35) at 12 months, similar to the correlation in changes at 24 weeks in the current
study. In the Standard Care versus COrticosteroid for REtinal Vein Occlusion study, which
included 271 patients with CRVO-related ME, the correlation between baseline BCVA

and central point thickness showed a low-to-moderate negative correlation’; the correlation
between changes in BCVA and changes in central point thickness at 4 and 12 months
showed low-to-moderate negative correlation.® In the Global Evaluation of implaNtable
dExamethasone in retinal Vein occlusion with macular edemA study, which assessed a
dexamethasone implant in patients with CRVO- and BRVO-related ME, the correlation
between changes in BCVA and changes in CST at 6 months also showed a low-to-moderate
negative correlation in 403 patients who received 0.7 mg of the implant (r= — 0.34), nearly
identical to the current study.’

Another study involving patients from the same phase III trials (but not including patients
from the phase Il TANZANITE trial) as the current analysis similarly reported a moderate
negative correlation between BCVA and CST (r= - 0.56) at baseline, with CST accounting
for only 32% of the total variation in BCVA # Similarly, there was a moderate negative
correlation between the changes in the values from baseline to 24 weeks (r= - 0.35), with
change in CST accounting for only 12% of the total variation in the change in BCVA .#
Acute and chronic ME showed similar correlations *

The current study further expands on anatomic biomarkers of RVO-ME, beyond CST,
specifically assessing the associations of BCVA with EZ integrity and the presence and
location of IRF or SRF as well as the associations between BCVA and angiographic
biomarkers. At baseline, 96% and 60% of the eyes showed the central subfield definitely
involved with IRF and SRF, respectively. Eyes with centrally involved IRF or SRF
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at baseline did not show significantly worse vision than eyes with a lesser degree of
involvement.

With respect to changes in anatomy and visual function, eyes that showed any improvement
in central IRF showed a greater improvement in BCVA than eyes that showed no
improvement or worsened at both weeks 12 and 24. However, with regard to SRF, there were
no clinically meaningful or statistically significant differences between eyes that showed any
improvement and eyes that showed no improvement or worsened at weeks 12 and 24.

With respect to angiographic biomarkers, there was a moderate negative and low negative
correlation between baseline BCVA and leakage and between baseline BCVA and ischemia,
respectively, but neither was statistically significant. Importantly, the visual acuity inclusion
criteria in this study likely limited the number of patients with ischemia and the range of
ischemia. Nevertheless, in the combined model, baseline CST, IRF, SRF, leakage, ischemia,
and age could account for nearly 50% of the variation in baseline BCVA (Table 8). The
correlation between changes in BCVA and changes in leakage at week 24 remained low
and insignificant. In the combined model, the aforementioned parameters could account for
nearly 28% of the variation in the change in BCVA at week 24 (Table 8).

For EZ, at weeks 12 and 24, the mean BCVA of eyes with definitely abnormal (absent) EZ
was statistically significantly worse than that of eyes with normal EZ. These findings are
consistent with previous studies, in which EZ showed functional correlation in patients with
ME due to RVO, diabetic macular edema, and noninfectious uveitis.!0-17

A limitation of this analysis is its post hoc design. Another limitation is the difference in

the study designs of the phase II and III trials. TANZANITE collected only FA images

at baseline and at week 12, whereas SAPPHIRE and TOPAZ collected only FA images

at baseline and at weeks 24 and 48. As a result of this limitation and its effect on the
availability of gradable images at week 12, the FA analyses were limited to data from
baseline and from week 24. Therefore, baseline is the only time point at which the FA data
from all 3 studies were pooled. In addition, a limitation of the grading of the central subfield
anatomic features (EZ, IRF, and SRF) into discrete categories may lead to low sensitivity

to changes in anatomy. Further, with regard to EZ, nearly all patients had a baseline grade
of being ungradable because of the presence of significant SRF or large cysts, rendering
baseline EZ unevaluable and limiting the analysis to 12 and 24 weeks. These grading
issues, protocol differences, and early termination of SAPPHIRE and TOPAZ decreased

the sample sizes of some of the analyses, representing another limitation of this study. In
addition, this study did not assess other OCT biomarkers, such as disorganization of retinal
inner layers, which also shows some functional correlation in patients with these disorders.
Finally, the results of this study cannot be extrapolated to all patients receiving all treatments
for RVO-ME. However, the strength of this analysis includes the use of clinical trial data,
which involved monitor-verified diagnoses per eligibility criteria, protocol refraction, study-
certified imagers, and the assessment of OCT and FA images at standardized intervals at a
masked reading center. Furthermore, there was a broad range of visual acuities and CSTs.
Baseline correlations and the relationships between changes in both BCVA and CST from
baseline at 24 weeks were assessed, regardless of treatment assignment.
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In summary, this analysis assessed the relationships between BCVA and both OCT and FA
anatomic biomarkers in patients with RVO-ME using clinical trial data, which involved
monitor-verified diagnoses per eligibility criteria, protocol refractions, study-certified
imagers, and OCT and FA assessment at a masked reading center. Although there was

a moderate correlation between BCVA and CST, both at baseline and for changes from
baseline to 24 weeks, there are additional important, clinically relevant relationships
between BCVA and both OCT and angiographic features in patients with RVO-ME. At
baseline, there was a moderate negative correlation between angiographic leakage and
BCVA. At weeks 12 and 24, the mean BCVA in eyes with definitely abnormal (absent)

EZ was statistically significantly worse than that in eyes with normal EZ. With respect to
changes in macular anatomy and visual function, at weeks 12 and 24, eyes that showed

any improvement in central IRF showed a greater improvement in BCVA than eyes that
showed no improvement or worsened. In aggregate, the anatomic end points described
herein can account for half of the variation in BCVA at baseline, whereas changes in
anatomy from baseline can account for nearly 30% of the variation in the change in BCVA
from baseline. For clinicians, these findings provide context for assessment and treatment
decisions because macular anatomy remains an important treatment criterion in practice. For
example, when treatment leads to restoration of macular anatomy, with persistent vision loss
in patients with RVO-ME, clinicians should consider other etiologies, such as disruption of
anatomic connections, ischemia, and neuropathic dysfunction.
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Figure 1.
Scatterplots showing retinal vein occlusion. A, Central subfield retinal thickness and ETDRS

Baseline Area of Capillary Nonperfusion (mm?)

best-corrected visual acuity (BCVA) at baseline. B, Presence and location of intraretinal
fluid and ETDRS BCVA at baseline. C, Presence and location of subretinal fluid and
ETDRS BCVA at baseline. D, Area of fluorescein leakage and ETDRS BCVA at baseline.
E, Area of capillary nonperfusion and ETDRS BCVA at baseline. Linear regression lines

(solid) are plotted along with lines (dashed) outlining 95% confidence intervals for mean

predicted values.
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Scatterplots showing retinal vein occlusion. A, Baseline central subfield retinal thickness
and change in ETDRS best-corrected visual acuity (BCVA) from baseline to week 24.

B, Presence and location of intraretinal fluid at baseline and change in ETDRS BCVA

from baseline to week 24. C, Presence and location of subretinal fluid at baseline and
change in ETDRS BCVA from baseline to week 24. D, Baseline area of fluorescein leakage
and change in ETDRS BCVA from baseline to week 24. E, Baseline area of capillary

nonperfusion and change in ETDRS BCVA from baseline to week 24. Linear regression

lines (solid) are plotted along with lines (dashed) outlining 95% confidence intervals for

mean predicted values.
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Figure 3.

chatterplots showing retinal vein occlusion. A, Change in central subheld retinal thickness
and ETDRS best-corrected visual acuity (BCVA) from baseline to week 24. B, Change in
the presence and location of intraretinal fluid and ETDRS BCVA from baseline to week 24.
C, Change in the presence and location of subretinal fluid and ETDRS BCVA from baseline
to week 24. D, Change in the area of fluorescein leakage and ETDRS BCVA from baseline
to week 24. E, Change in the area of capillary nonperfusion and ETDRS BCVA from
baseline to week 24. Linear regression lines (solid) are plotted along with lines (dashed)
outlining 95% confidence intervals for mean predicted values.
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Scatterplots showing retinal vein occlusion. Ellipsoid zone integrity and ETDRS best-
corrected visual acuity (BCVA) at week 12 (A) and week 24 (B).
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